We report the cloning and expression of a novel murine forkhead/winged helix family member ± Foxn4 that is expressed during neural development in the retina, the ventral hindbrain and spinal cord and dorsal midbrain. Retinal Foxn4 expression is associated with the zone of proliferating progenitor cells. In the mouse mutant ocular retardation (or J ), Foxn4 expression in the retina is signi®cantly reduced and terminates prematurely. q
Results and discussion
The members of the forkhead/winged helix transcription factor family have been implicated in a wide range of developmental processes (Lai et al., 1993; Kaufmann and Knochel, 1996) . We used low-stringency hybridisation of the forkhead domain from Foxg1 (Tao and Lai, 1992; Kaestner et al., 2000) to a mouse eye cDNA library to isolate a new member of this family, Foxn4. Sequence analysis of several overlapping cDNA clones indicated that Foxn4 encodes a protein of 523 amino acids, including a DNA binding and an activation domain (Fig. 1A) . A comparison of these domains with those of other forkhead genes show that Foxn4 is a member of the N subclass (Fig. 1B,C) . The DNA binding and activation domains of Foxn4 share high levels of amino-acid sequence identity with zebra®sh whn (now called foxn4; Schlake et al., 1997 Schlake et al., , 2000 . Of the mammalian N class members, Foxn4 most resembles mouse Whn (now called Foxn1; Nehls et al., 1994; Kaestner et al., 2000) . Foxn4 is located on mouse chromosome 5 distal to Pdgfra (Fig. 1D) .
We used in situ hybridisation to both whole mount and sectioned embryos to examine the expression of Foxn4 during development. Foxn4 transcripts were restricted to neural tissue (Fig. 2) . No transcripts can be detected at E9.5 (12 somites, data not shown). By E10.5, Foxn4 expression can be detected in the dorsal midbrain (Fig. 2C) , and in the ventral hindbrain and spinal cord (Fig. 3A,B) . The expression in these regions persists until E13.5, after which Foxn4 expression was restricted to the retina.
Foxn4 expression begins in the retina at E10±11 ( Fig.  2A,B) . Neural differentiation begins, around this time, in the central retina then spreads to the periphery (Hinds and Hinds, 1974) . Foxn4 expression is initially restricted to the central retina (Fig. 3C) . By E12.5, it has spread to the peripheral retina (Fig. 3D) . As retinal cells stop dividing and differentiate, they lose their attachments to the outer (ventricular) side of the optic cup and migrate to assume their ®nal positions in cell type-speci®c layers. Ganglion cells migrate inwardly to form a layer on the inner (vitreal) side of the cup, while photoreceptor cells accumulate in the outermost region. Proliferating progenitor cells remain in the ventricular zone (VZ) between these two layers. Foxn4 expression is restricted to the VZ at all stages (Fig.  3E±G ). Retinal precursors continue to divide until 11 days after birth (P11) (Young, 1985) . Foxn4 transcripts are still present at P2 (Fig. 3F ) but can no longer be detected in the retina after P6 (data not shown).
To investigate the regulation of Foxn4 in proliferating retinal progenitors, we examined its expression in the mouse mutant ocular retardation J (or J ). In homozygous or J mice, retinal progenitors show reduced levels of division Foxn4 shows 91% identity with zebra®sh foxn4 and 82% identity with mouse FoxN1. Amino-acid residues, which are identical in all six genes are highlighted in black, amino acids which are identical in the ®ve N class members are highlighted in grey. (C) Alignment of activation domain sequences of N class forkhead/winged helix genes. The amino-acid sequences of Foxn4 and zebra®sh foxn4 are 55% identical and those of FoxN4 and FoxN1 are 36% identical. Amino-acid residues, which are identical in all three genes are highlighted in black, amino acids which are identical only in FoxN4 and foxn4 are highlighted in grey. (Genbank Accession Nos. are (n4Mouse) mouse Foxn4 AF323488, (n4Z®sh) zebra®sh foxn4 AAG27086 (n1Mouse) mouse Foxn1 X81593 (n2Mouse) mouse Foxn2 Y12656, (n3Human) human FoxN3 U68723 and (a1mouse) mouse Foxa1 NM008259). Alignments were performed using CLUSTAL W (Thompson et al., 1994) . (D) Mapping of Foxn4 by double FISH. Murine metaphase chromosomes are labelled with 4,6-diamidino-2-phenylindole (DAPI) (blue). The probe for Foxn4 is labelled with rhodamine (red) and that for the chromosome 5 marker Pdgfra with¯uorescein (green). Foxn4 maps telomeric of Pdgfra on chromosome 5. and proliferation terminates prematurely (Burmeister et al., 1996; Chow et al., 1998) . Foxn4 expression is signi®cantly reduced in these mutants and shows premature termination. At E13.5, Foxn4 is strongly expressed throughout the retina in the wild type, while its expression in or j mutants is restricted to a few scattered cells in the centre (Fig. 3H±I) . By P0, Foxn4 expression can no longer be detected in the mutant retina (data not shown).
Materials and methods

Isolation of Foxn4
The 5 H and 3 H regions of the Foxg1 DNA binding domain were ampli®ed using primers: AAGAACGGCAAGTAC-GAGAA, TTGTTGAGGGACAGGTTGTGG, CCACAA-CCTGTCCCTCAACAA and GTCCCGTTGTAACTCAA-AGT. An E15.5 mouse eye cDNA library was screened at 588C and clones which hybridised to both regions of the Foxg1 binding domain identi®ed and sequenced.
Mapping Foxn4 by¯uorescent in situ hybridisation
Foxn4 and Pdgfra cDNA clones were labelled with digoxygenin and biotin, respectively. Pdgfra maps to chromosome 5 in mouse (Hsieh et al., 1991) . Labelled DNA was hybridised to metaphase nuclei and the signals detected using¯uorescein isothiocyanate avidin for biotin and rhoda- mine antidigoxygenin as described elsewhere (Fox and Povey, 2000) .
Expression analysis
A cRNA probe of 3 Foxn4 was used for in situ hybridisation to cryosections (10±15 mm) or whole embryos performed as described elsewhere (Jensen and Wallace, 1997; Meins et al., 2000) .
